Abstract-This paper describes a model of new industry formation that is based on evolutionary theories of technical change. It represents the origins of uew network industries as the interaction between multiple technological trajectories that are specific to a particular technology or broadly defined technological regime. The speed with which these multiple trajectories cause industry formation depends on their effective application to the most economical applications; this process occurs through the interaction between design hierarchies and market concepts. Growth in these initial applications causes subtrajectories or sub-regimes, where competition in the new industry initially takes place, to emerge from the main trajectories. The model is applied to the mobile Internet, an industry that has just started to grow particularly io Japan and Korea.
I. INTRODUCTION
In spite of the recognized importance of new industries', there are few models that describe the origins and early evolution of new industries. Instead, the origin of new industries is typically considered as an exogenous variable in other models. For example, the product life cycle theory assumes new industries are formed through the emergence of technological discontinuities. It then attempts to explain such variables as the frequency of product versus process innovations, the number of new entrants, the amount of product variety, and the emergence of dominant designs and their effect on competition [I, 301. Further, recent research suggests that the product life cycle^ does not effectively explain many ofthese variables [16, 12,33, 17,181.
This paper proposes a model for the origins of new industries. The model only addresses new industries that offer products and services, which were previously not technologically feasible. This makes the model significantly different from the one existing model of new industry formation [32] , which does not address new technologies, products, or services. Examples of industries relevant to.the model include the telegraph, telephone, automobile, radio, television, computer, semiconductor, consumer electronic, and mobile phone industries.
The model draws heavily on evolutionary theories of technical change. It represents the origins of new network industries as the interaction between multiple technological ' There is an extensive literamre on the importance of new indusFies.
Sehumpetsr [29] is usually credited with being the first with his concept of creative destruction.
trajectories [8] that are specific to a particular technology or broadly defined technological regime [24] . The speed with which these multiple trajectories cause industry formation depends on their effective application to the most economical applications; this process occurs through the interaction between product designs and user needs [6] . Growth in these initial applications causes sub-trajectories, where competition in the new industry initially takes place, to emerge from the main trajectories. Network effects, increasing retums, first-mover advantages, and irreversibility play important roles in this initial competition.
This paper also applies this model2 to the mobile lntemet a new industry that is growing rapidly in Japan and Korea and is just starting to grow in Europe, other parts of Asia, and to some extent in the US. This paper defines the mobile lntemet as access to Intemet-based contents using a mobile phone and thus does not include laptops, PDAs, and SMS (short messaging services) for mobile phones. The market for mobile Intemet services (1.02 trillion Yen), contents (100 Billion Yen), and shopping (30-40 Billion Yen) exceeded 1.1 trillion Yen or eight billion US$ in 2002 in Japan and the Korean market is estimated to be about 20% of this'. The application of the model to the mobile Intemet is based on more than 100 interviews with service, content, and technology providers and handset manufacturers over the last three years4.
U. MODEL OF INDUSTRY FORMATION
Figure 1 summarizes the proposed model. New industries are formed by the interaction between multiple technological trajectories, which are each~ specific to a particular technology or broadly defined technological regime [24] . Progress in a single trajectory occurs through improvements in the tradeoffs between relevant technological variables [8] . Technological trajectories are similar to Sahal's [28] concept of innovation avenues and he argues that the combination of multiple innovation avenues is the source of many industries. Technological trajectories can be represented by the change in component perfohance or the distribution of available performance in the component (e.g., as a function of price) and both of these measures could be for new components or the installed base of components.
Another paper (151 applies the model to twenty electronics industries.
' Source: mobile service revenues are from firm publications and other data is from the authors research More details on the origins of the mobile lntemet and the mobile phonc industry can be found in (13, 141. 
A. Interaction between product designs and user needs
The initial rate of industry growth depends on identifying and serving an initial set of applications. These initial applications are defined by the interaction between product designs and user needs where every design problem begins with an effort to achieve fitness between form (solution) and context (definition of problem). The form includes the basic functional parameters of the product and the context includes the economic and social environment 161. In the latter, the way technology is socially constructed [4] will have a large effect on the fitness between the form and context and thus the interaction between the product designs and market needs.
The logic of problem solving and the formation of concepts that underlie choice in the marketplace also impose a hierarchical structure on the evolution of an industry [24].
The initial applications will likely have a large impact on the initial designs and business models and the subsequent paths these designs and business models follow. Further, as alternative product forms compete at consecutively more detailed levels, problem solving becomes more interdependent and incremental [6] for both product and process designs [I 01 . These incremental improvements enhance and extend the underlying technology and thus reinforce the design at higher levels in the hierarchy. These reinforcements are often characterized in terms of a dominant design [l, 21 that may include market concepts and business models in addition to technical designs. On the other hand, movements up the hierarchy are associated with departures from existing approaches and are sometimes called new dominant designs or "dematnration" [6].
In any case, the region that first identifies and serves the most economical applications will probably be rewarded with first mover advantages 117, 22, 231 in that it will begin developing capabilities in the new technology. The extent of its advantage will depend on the extent of agglomeration effects 1211 and increasing retums [3] and the evolution of the trajectories and dominant designs. With respect to the former, the main effect during industry formation is likelyto be from the sharing of technical and market data among early entrants, which is an argument consistent with local search and adaptation [24] . The lack of such data in less successful regions may lead to coordination problems and temporary irreversibility thus preventing the industry from emerging until long after it bas emerged in other regions [7, 26] .
B. Technological sub-trajectories and expansion of applications
The initial applications, which are determined through the interaction between design hierarchies and market concepts, cause sub-trajectories to emerge from the main trajectories. The relationship between main and sub-trajectories can be seen as a conceptual application of Leontief s 1201 input-output analysis to technological change.
Leontief s models represent an economy as a combination of industries where each industry uses goods and services to produce outputs. In the proposed model, the main trajectories represent inputs of ideas and concepts that are used to construct the new industry while the sub-trajectories represent outputs and measures of technical performance for the industry. In this sense, the new industry represents a form of punctuated equilibrium [30] where new trajectories are created.
These sub-trajectories drive competition in the industry and they can lead to very different competitive paths for each industry. Sub-trajectories that are associated with the product design (e.g., components) drive product innovation while those associated with manufacturing drive process improvements. Sub-trajectories that quickly satisfy market needs may become unimportant and thus lead to a slowdown in industry growth [II, 311 while those that offer increased customer utility may continue indefinitely. These sub-trajectories may also change both the tradeoffs between different product designs and these product designs and market needs thus driving movements up and down the design hierarchy and thus the emergence of new dominant designs. The emergence of these dominant designs and/or increased volumes [I71 may also drive the pattern of fm entry and exits.
Further, the technological evolution along these sub-trajectories will expand the application space and in tum influence the main technological trajectories. In the long run, the total application space for the technological regimes will be determined by both the technological trajectories and the ability of suppliers and users of the technology to adapt it to specific applications. This raises the possibility that a lagging region may catch up and pass the region where the industry originally emerged because of early maturation in the leading region.
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THE MOBILE INTERNET
The technological trajectories that led to the formation of the mobile Intemet are phones, wireless networks, wireless network software, and digital content. These are similar to those for the formation of the PC Intemet except we substitute phones for PCs, wireless for fixed-line networks, and wireless network software for fued-line network software.
A number of service providers introduced mobile 
A. Youngpeople and entertainment
The first key interaction between products and users in the Japanese mobile Intemet was between young people and entertainment. The high mobility and ample ftee time of young people lead to their high use of the "IT DoCoMo's i-mode service. Young people are major consumers of games ' Quoted in [I91 competitor's portals since i-mode offered a micro-payment system and had more subscribers than the competition. The increasing number of subscribers and content providers enabled N'M DoCoMo to extend the positive feedback to phones and solve many of the technical problems associated with phones.
The increasing number of content providers and subscribers also caused the manufacturers to introduce phones with better ringing tone functions and displays. Because the most successful i-mode phone in 1999 had a large display and it was clear that screen savers, horoscopes, and games would look better on a color display, other manufachxes also introduced phones with large displays including those with color at the end of 1999. Naturally the entertainment content providers quickly upgraded their contents into color contents. The combination of better phones and contents caused the number of total subscribers to pass two million in December 1999 with almost 135,000 new subscribers being added each week.
B. User learning
The second and thud interactions between product designs and users reflect user learning. The second interaction was between the popularity of mail, entertainment contents, and phones with intemal cameras. This interaction is one more example of how digital technology is bringing down the production costs of contents if we define contents in a liberal manner [9] . Mail can be considered an expression of creativity and mobile mail has spawned an entire sub-culture including the use of "thumbs" and icons that serve as abbreviations [5] . Users like to add screen savers, ringing tones, URLs (including ones for their own home pages), photos, and beginning in early 2002 5-second videos taken with an intemal camera.
The third key interaction between products and user needs is between mail and portals. User learning drove a movement in traffic from official to unofficial sites in N?T DoCoMo's i-mode service. While the official sites are presented in menu form much like PC Intemet portals, with unofficial sites the users physically input a URL or access the site through a saved bookmark or URL in a mail message, portal site, or search engine. The growth in traffic to unofficial sites was facilitated by the growth in mail since it was easy to include URLs in the mail messages. There was also a synergistic effect between the number of portals and search engines for unofficial sites and the traffic to the unofficial sites. The reason why KDDI and J-Phone solved these problems and the US and European service providers did not solve them is because the success of i-mode provided evidence that investments in mobile Internet technology could pay off. The success of entertainment contents and the positive feedback that these successful contents created between contents, users, and phones provided this evidence.
Evidence of a successful mobile lntemet did not emerge in the European and US markets because the service providers did not introduce micro-payment systems, which were a prerequisite for entertainment contents like screen savers, horoscopes, and ringing tones and instead focused on business contents like financial, travel, and shopping services that do not require micro-payment services. And because the U.S. and Europe have been slower to find the initial users, instead of positive feedback and sub-trajectories coordination problems have emerged that prevent quick solutions. These coordination problems strengthen the strong forces of inertia that encourage service providers and phone manufacturers to tweak rather than reinvent their existing strategies.
Currently there is competition between three kinds of systems in Europe and to a lesser extent in the US: SMSNMS, WAP, and i-mode. SMS (short-message services) has done much better than WAP in Europe, Asia, and most recently in the US. SMS is basically a form of non-Internet mail, which became popular in the late 199Os, about the time that mobile phones had become popular with young people. Further, the SMS services contained an easy way to do revenue sharing between service and content providers. This has caused a number of third parties to offer specialized SMS services that include discount coupons, surveys, ringing tones, and screen savers some of which are integrated with other media like television programs. The success of these. SMS services has caused positive feedback to emerge between services, phones, and contents; these f m are now implementing multiple media message services or MMS*.
Unfortunately, SMS is very limited technology when compared to the mobile lntemet and its success may delay the 
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introduction of mobile Intemet services by European and US service providers for fear of cannibalizing their SMS revenues. WAP appears to have lost all momentum and i-mode services may provide the main chance of a successful mobile lntemet in Europe and the US. Several European service providers have introduced i-mode services through a license from NTT DoCoMo and AT&T is expected to also introduce such services in the US in the near future. Another problem for both WAP and i-mode is coordination problems between service providers, handset manufacturers, and content providers where the latter two sets of firms do not want to support either of these services until there are a sufficient number of subscribers to warrant their support.
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IV. THE EMERGENCE OF SUB-TRAJECTORIES AND MORE SOPHISTICATED APPLICATIONS
Growth in the initial applications in the Japanese mobile
Intemet has caused sub-trajectories, where competition in the Japanese market currently takes place, to emerge from the main trajectories of phones, networks, contents, and software (See Table 2 ). Some of these sub-trajectories will quickly fizzle out as customer needs are quickly satisfied. For example, although it is possible to download ringing tones that have more than 40 polyphonic tones, most industry people believe that further increases add little value and competition in these contents is changing to voice-and vocal-based ringing tones where network speeds are a more relevant trajectory. Similarly, although some phones can display more than 250,000 different colors, it is likely that this number will not increase much in the future. Further, although camera phones now contain more than 300,000 pixels, two million pixels will provide quality that is equivalent to what is found in traditional photographs and enable camera phones to read and process finely printed URLs, mail addresses, and bar codes. These cameras are expected to facilitate the integration of mobile Intemet shopping services and fashion magazines, a market that is already growing quickly.
However, other sub-trajectories will represent key areas of competition in the mobile Intemet for years to come. These sub-trajectories will^ increase the number of applications for the mobile Intemet and at some point in the far-off future may cause the mobile Intemet to represent a larger market than the PC Internet. For example, the display size of Japanese phones had reached 2.2 inches (diagonal) in late 2002 and is increasing by about 5% a year. This trend is expected to continue and perhaps accelerate as new displays that are based on light-emitting polymers are introduced.
Since these displays are as thin as paper and can be rolled and folded, it may be possible to dramatically increase the size of the phone display in the future without increasing the size or weight of the phone. More immediate effects are expected from increases in processing power, memory, and network speeds since they are easier to improve and they can improve the user interface without increases in the size of the display. Service providers all over the world are increasing network speeds primarily through the introduction of so-called third generation services. These services are expected to have the capability to download between 384 and two megabits per second and some firms, for example, Qualcomm, expect these services to cause data charges to fall as low as $0.022 per megabyte or U500 of current i-mode charges. If data charges were to fall as low as $0.022 per megahyte, a three-minute MP3 file could be delivered for as little as $0.07 and a two-minute, medium resolution video clip could be delivered for a cost of about $0.13 [27] .
Increased processing power, memory, and network speeds are expected to enable improvements in the user interface. For example, programming languages like lava enable users to download a Java program once and then to either utilize the program independently of the network (e.g., with games) or utilize the program in conjunction with data that is subsequently downloaded from the network. Alternatively, the Java program could be pre-loaded in the phone thus eliminating the need for downloading the program at all. Although games were initially the most popular content for Java programs, it is expected that most Japanese entertainment contents and most contents in general will be written in Java or a similar programming language by the end of 2003 and 2005 respectively since Java can reduce the data downloading requirements by more than 213.
The major limitation for Java and similar programming languages are the processing speeds, memory capabilities, and network speeds. Limited performance in these areas meant that the first Java phones (released in January 2001) could only download a Java program of up to 10 kilobytes and save between five and thirty of these full size programs depending on the manufacturer. Since then manufacturers have released phones that can download and process larger programs by increasing phone performance and network speeds. It is expected that further improvements in these areas will enable the downloading of larger Java programs.
A second way in which increased processing power, memory, and network speeds are expected to enable improvements in the user interface is through three-dimensional (3D) rendering techniques. Such software has been available in some i-mode phones since late 2002 and enables information to be expressed in three dimensions. Processing speeds determine the quality of the images and this quality is usually expressed in terms of number of polygons. While phones with 50 MHz processors can display 10,000 polygons a second, phones with 500 MHz processors can display 640,000 polygons a second, which is currently available in the newest versions of the Playstation2.
A key question is how content providers can use such techniques to express greater amounts of data in for example three-dimensional figures that can be rotated on the screen. While the initial applications for 3D rendering techniques are screen savers and games, as with Java it is possible to use these techniques in a wide range of applications. For example, 3D images of products might facilitate mobile shopping, 3D maps might facilitate navigation services, and 3D representations of data might facilitate business applications.
A third method is 3D displays that can project a hologram that is much larger than the size of the display. While 3D movies and virtual reality require the use of special glasses, firms such as Sharp are trying to develop 3D displays for mobile phones that do not require the use of such glasses. Sharp introduced such a display in 2002 but a number of improvements are needed in both the display and peripheral circuitry like processors and memory.
A fourth method is voice recognition. Single word voice recognition systems have been available for several years in Japanese phones and it appears that user resistance to making voice commands is a bigger bottleneck than actual technical problems. Nevertheless, greater processing speeds will improve these voice recognition systems.
V. DISCUSSION
This paper presents a model of new industry formation. It represents the origins of new network industries as the interaction between multiple technological trajectories that are specific to a particular technology or broadly defined technological regime. The initial applications emerge through interactions between product designs and user needs where the social construction of technology takes place. Growth in the initial applications causes sub-trajectories or regimes, where competition in the market initially occurs, to emerge from the main trajectories.
This model enables us to more fully open the "black box" of technology development' and address a number of economic and managerial questions that cannot be addressed with existing models like the product life cycle model. One set of relevant questions is: 1) Why did industry A evolve faster than industry B; and 2) Why did industry A start fust in region C while industry B started in industry D? We can address these questions by analyzing the relevant trajectories and determining both the rates and reasons for the rates at which initial applications emerged and grew in various regions and industries. While it is possible that macro-economic factors influence the main technological trajectories, it is very likely that the effective integration of them to form new industries is a function of factors that are stressed in evolutionary theories of economics and the social consauction of technology. This paper uses the mobile Intemet to demonstrate the role of the main technological trajectories, the interaction between product designs and user needs, and sub-aajectories. Industry formation occurred through the interaction between entertainment contents and young users in Japan while the lack of such contents in Europe and the US prevented industry formation. NTT DoCoMo's introduction of a e I am borrowing the term from (Romberg, 1982) micro-payment service facilitated the emergence of these entertainment contents while European and US service providers focused on business users and thus other forms of content and business models for the content. The success of these entertainment contents in Japan caused positive feedback to emerge between content providers, handset manufacturers, and users while coordination problems make it difficult for such positive feedback to emerge in Europe and the US.
The success of the entertainment contents has also caused sub-trajectories like number of ringing tones, color resolution, camera resolution, processor speeds, memory, and network speeds to emerge. These trajectories are now expanding the number and sophistication of the applications and provide additional stimulus to these sub-trajectories. Although it is still too early to understand the results, it is also likely that these sub-trajectories will influence the emergence of a dominant design in the mobile Intemet.
